Enzymes are frequently used in biotechnology to carry out specific biological reactions, either in industrial processes or for the production of bioproducts and drugs. Microbial lipases are an important group of biotechnologically valuable enzymes that present widely diversified applications. Lipase production by microorganisms is described in several published papers, however, none of them refer to metrological evaluation and the estimation of the uncertainty in measurement. Moreover, few of them refer to process optimization through experimental design. D-optimal design was used to enhance lipase production in shaken-flasks with Yarrowia lipolytica cells. Analysis of the metrological aspects of this process is presented. It suggests a significant reduction in the cost of the enzyme. Lipase production by Yarrowia lipolytica cells aiming the classification as certified reference material is recommended after further purification and stability studies.
Introduction
Lipases (triacylglycerol hydrolases, EC 3.1.1.3) are enzymes that catalyze the hydrolysis of triacylglycerols in diacylglycerol, monoacylglycerol, free fatty acids and glycerol in the lipid-water interface [1] . The interest in the production of microbial lipases has increased in recent decades, due to its high potential in industrial applications in foods, detergents, leather and water treatment, cosmetics, and also for synthesis with pharmaceutical and biomedical purposes [2] .
Many microorganisms are able to produce lipases, but yeasts as Yarrowia lipolytica present some operational advantages compared to other microorganisms [3] and for this reason it was used in this work. Nowadays, different strategies are employed to optimize enzyme production parameters. These strategies not only allow process optimization but can also establish the dependent and independent variables. In addition, the metrological reliability is an important point to the success of the process, since relevant differences in the results are obtained, mainly in the industrial scale.
Several published papers are found describing lipase production by microorganisms. However, none of them refer to metrological evaluation and uncertainty estimation. In fact, in the biological fields, the international debate on the establishment of systems to support comparable/traceable measurement is in its infancy. Whereas chemical reference materials can be defined in terms of the mole, this is not always feasible for biological preparations which, in most cases, are defined in terms of universal units not traceable to the International System of Units (SI). Certified Reference Materials (CRMs) provide means of ensuring uniformity in the designation of the units of biological substances whenever this cannot be expressed in terms of physical or chemical quantities [4] .
Several enzyme CRMs have been produced, mostly by the Community Bureau of Reference (BCR, European Union, Brussels) and certified by the International Federation of Clinical Chemistry and Laboratory Medicine (IFCC) reference methods. Nevertheless, they are expensive and available in limited amounts. For lipase, the BCR produces BCR-693 (from human pancreatic juice) and BCR-694 (obtained through recombinant techniques). An ampoule containing 1 mL of these lipase CRMs costs around 75 euros [5] . Therefore, production of lipase CRMs from other sources, such as microorganisms, may be a more viable alternative in terms of cost and available quantity.
In this context, the objectives of this work were to enhance lipase production and evaluate the uncertainty in measurement of lipase activity, filling a gap in the literature. Besides, this work points out that if metrological aspects are observed during this process, a significant reduction in costs can be reached.
Materials and methods
Calibration of equipments Laboratory glassware, balances, thermometers and chronometer were calibrated by accredited laboratories using standardized methods. Other instruments which had an indirect influence on the test results were only verified according to the EURACHEM/EA GUIDE 04/10.
Experimental design
A D-optimal design [6] was built with Statistical Toolbox for Matlab (The MathWorks, Inc, USA). Three factors were investigated at three levels each: carbon source concentration, X 1 (0.5, 3.0 and 5.5% w/v), nitrogen source concentration, X 2 (0.2, 0.7 and 1.2% w/v), and inoculum concentration, X 3 (0.5, 2.2 and 10.0 mg dry weight cells. mL -1 ). The correspondence between the natural and coded values can be obtained by
where x i is the dimensionless coded value of the variable X i , X 0 the value of X i at the centre point and X the step change.
Lipase production and activity determination
Yarrowia lipolytica (IMUFRJ 50682) cells, selected from an estuary in the vicinity of Rio de Janeiro, Brazil [7] , were cultivated in shaken-flasks as previously described [3] . Lipase activity was determined by a titrimetric method [8] . One unit of lipase activity was defined as the amount of enzyme which produces 1 mol of product (free fatty acid) per minute (mol.min -1 ), under the assay conditions. The coherent SI unit is mole per second (mol. 
where M NaOH is the concentration of NaOH in mol.L -1 ; V NaOH is the volume of NaOH in mL; t is the reaction time in min and V A is the sample volume in mL.
Uncertainty in measurement of lipase activity
The cause and effect diagram shown in Fig. 1 Uncertainty estimation of lipase activity was based on the Guide to the Expression of Uncertainty in Measurement (GUM) and on the EURACHEM/Guide CG 4.
The combined standard uncertainty of Y is expressed by
where 
Results and discussion
Lipase activities and expanded uncertainty obtained in each experiment are shown on Table 1 . The reported expanded uncertainty is based on a combined standard uncertainty multiplied by a coverage factor k = 3,31.
The results indicate that the highest lipase activity (80.3 µkat.L -1 ) was obtained in run 9. This activity was about three and five-folder higher than the reported activities of CRMs BCR-693 and BCR-694, respectively [5] .
The behaviour of the system can be explained by the following quadratic equation: 2 -4,8x 1 x 2 + 6,9x 1 logx 3 -1,43x 2 logx 3 (5) The 3D graph depicting the coded values for carbon (x 1 ) and nitrogen (x 2 ) sources at 10 mg.mL -1 inoculum on lipase production is presented in Fig. 2 . The highest lipase activities occur in the area where run 9 experiment can be found. Thus, within the tested range of carbon and nitrogen sources and inoculum concentrations, these conditions seemed to be the best to produce high lipase levels. In addition, this medium allows an efficient production at economical conditions, since low carbon and nitrogen sources concentrations can be used. Table 2 shows that the uncertainty obtained for the highest lipase activity, is lower in terms of percentage than those declared by BCR for the two available certified reference materials, BCR-693 and BCR-694. It is important to notice that in this work, type A and B uncertainties were taken into account, while for BCR values only type A uncertainty was evaluated. 
Conclusion
It is possible to conclude that the D-optimal design usage enhanced lipase production in shaken-flasks. The activity obtained for run 9 was higher than those previously reported without experimental design, with the same microorganism in shaken-flasks [9] or even in bench-fermenter [10] . Additionally, this work fills a gap in the literature by providing information regarding uncertainty in measurement of lipase activity not reported yet.
The use of calibrated equipments and appropriate corrections avoids propagation of systematic errors in the process. In terms of values, corrected enzyme activity was 80.3 μkat.L -1 . Without corrections, this value would be 77.9 μkat.L -1 , which might represent a small difference on the laboratory scale. On an industrial scale, for example in the detergent industry, where about 100 tonnes of lipases are used per year, this difference becomes very significant and all corrections should be taken into account.
Since Yarrowia lipolytica cells produce appreciable lipase activity, with low uncertainty, the production of this enzyme under the reported conditions may be a viable alternative to obtain a new CRM after further purification and stability studies.
